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PRELIMINARY ASSESSMENT/SITE INVESTIGATION OF
RADIUM CONTAMINATION
WATER WELL AT OFF BASE WEAPONS STORAGE AREA
CARSWELL AIR FORCE BASE, TEXAS

1. INTRODUCTION: As requested by Carswell Air Force Base, Environmental Office,
the Fort Worth District, Corps of Engineers, conducted a preliminary assessment of
radium contamination at the subject site. This report describes the assessment and
makes recommendations for remedial investigations to follow.

2. INVESTIGATIONS:

a. Ground Water. Samples from the operational water well in Building 8504
have been taken periodically by Carswell Bioenvironmmental Engineering and tested
for gross alpha activity and chemically tested for radium 226 and 228. Samples were
taken from November 1987 to present, as regulations require. Most of these
samplings were done quarterly rather than monthly. Test results from 8 of 19
samplings to date produced combined radium 226/228 contents above the limit of 5
pCi/l for State drinking water standards. However, none of the gross alpha values
exceeded the 15 pCi/l State drinking water standards. Tests of three of the eight
samplings produced values at least twice the maximum allowed, while the other five
had test values only slightly above the maximum value permitted. Test values of
gross alpha activity varied widely, but presented no recognizable pattern,
appearing almost randomly. Normally, concentrations of ground-water contaminants
change gradually because ground water moves through the earth slowly. Rainfall
data were plotted against gross alpha activity to discover if any relationship
between the two might exist. A positive correlation between the two was found
between the earliest datum in November 1987 and August 1989. This means that in
each instance of positive correlation when the gross alpha value rose, the monthly
rainfall datum rose also, and at approximately the same rate. As the values
diminished, both gross alpha activity (radium concentration) and monthly rainfall
fell together. A plot of these values accompanies this report. It should be noted
that correlation, or absence of correlation between the two sources of data is
influenced to some extent by which day of each sampling month water samples were
taken.

b. Soil Borings. Twelve shallow soil borings were dug and sampled on the
downslope side of Building 8503 in which maintenance was performed on nuclear
weapons. Three other borings of the same type were drilled along the ridge crest
on which Building 8503 is located, assuming them to represent background radium
contents. Samples from all 15 shallow borings were taken between a depth of
0.5-foot and 1.5 feet. The pattern of soil radium content anticipated was only
partially realized. While higher radium content was found on the downslope side
of Building 8503 as expected, higher radium content was also found in all three of
the "background" borings along the top of the ridge. Plate 1 shows the boring
locations. See Table 1 for summary of soil sample analysis. Complete laboratory
report is at Appendix A.

c. Radioactive Disposal Area. Two borings, 18 feet deep, were drilled with
an auger and sampled at each 2 feet advance in hole depth. These borings were
located in line with the three 12-inch, sealed, cast iron pipes which contain
radioactive waste. The pipes were embedded in the earth to a depth of 18 feet.




BORING
NUMBER
8A-1
8A-1
8A-1
8A-1
8A-1
8A-1
8A-1
8A~1
8A-1
8A-2
8A-2
8A-2
8A-2
8A-2
8A-2
8A-2
8A-2
8A~2
4HA-3
4HA-4
4HA-5
4HA-6
4HA-7
4HA-8
4HA-9
4HA-10
4HA-11
4HA-12
4HA-13
4HA-14
4HA~15
4HA-16
4HA-17

SOIL TEST RESULTS
CARSWELL AIR FORCE BASE
WEAPONS STORAGE AREA
TESTS FOR PRESENCE OF RADIUM 226 AND 228
TEST METHOD 9315

TABLE 1

SAMPLE
DEPTH RANGE
1.5' - 2.0
3.5' - 4.0'
5.5' - 6.0'
7.5' - 8.0
9.5' - 10.0'

11.5' - 12.0°'
13.5' - 14.0°
15.5' - 16.0'
17.5' - 18.0°'
1.5' - 2.0'
3.5'" - 4.0
5.5' - 6.0'
7.5' - 8.0'
9.5' - 10.0'
11.5' - 12.0'
13.5' - 14.0'
15.5' - 16.0'
17.5' - 18.0'
0.5" - 1.5'
0.5' - 1.5'
0.5' - 1.5'
0.5' - 1.5'
0.5' - 1.5'
0.5'" - 1.5'
0.5' - 1.5
0.5' - 1.5'
0.5' - 1.5'
0.5' - 1.5'
0.5' - 1.5’
0.5' - 1.5'
0.5' - 1.5
0.5' - 1.5'
0.5'" - 1.5

TEST RESULTS
TOTAL pCi/g (RADIUM)

2.711
1.927
2.755
2.715
1.057x10
3.284
3.451
2.919
3.589
2.435
2.922
3.038
3.515
3.688
2.453
3.170
3.018
3.033
4.065
4.566
2.786
2.369
4.184
5.139
4.537
4.190
4.025
3.905
3.974
2.475
4.164
4.892
4.030



The borings were drilled approximately 7 feet beyond each end of the line of cast
iron pipes (see Plate 1 for boring locations). Radium content of all but one of
the samples from these two borings was in a range which will probably prove to be
within background radium content (1.927 to 3.688 pico Curies per gram). One sample
had a radium content of 105.7 pico Curies per gram, very significantly beyond the
background range for radium. This sample was from 9.5 to 10.0 feet in boring 8A-1.

3. TEXAS REGULATORY REQUIREMENTS (GENERALIZED).

a. Soils. Maximum content of radium 226 and radium 228 above background
level allowed in soils averaged over any 100 square meter area is 5 pico Curies per
gram averaged through the first 15 centimeters of soil, and 15 pico Curies per gram
averaged over the thickness of each 15 centimeter thick layer below the surface
layer.

b. Drinking Water. Maximum content of radium 226, radium 228, and gross
alpha activity follow:

(1) Maximum combined radium 226 and 228 is 5 pico Curies per liter.
(2) Maximum gross alpha activity allowed is 15 pico Curies per liter.
4. CONCLUSIONS.

a. Radium Source. Location of the original source of radium contamination
is not yet known. It is speculated that the original source was Building 8503
where nuclear weapons were maintained. Alternatively, it has been suggested that
the original source of radium was luminous instrument dials and the like, which may
have been disposed of in a dump at the Weapons Storage Area. The pattern of radium
contamination of shallow soils, so far as it has been developed, suggests that some
secondary radium contamination may have occurred because of leaking waterlines
and/or sewer lines. Correlation between rainfall and gross alpha values, together
with the rapid changes in the gross alpha values, suggests the possibility of a
defective seal between the casing and the hole in the water well in Building 8504,
allowing radium contaminated rainfall runoff to quickly descend from the near
surface to the producing interval of the well, resulting in rapidly changing radium
concentrations in produced well water. See Plate 2, "Plot of Rainfall vs Radium
Concentrations in Well Samples."

b. Water Wells. Of two water wells at subject facility, only well IAW 161-
44 in Building 8504 remains operational.

c. Background Radium Content. The range of natural background radium
226/228 content has not yet been established unambiguously in the subject area.
Additional shallow soil samples should be taken to adequately define the contents
of naturally occurring radium. These samples should be collected as remotely as
possible from likely polluting activity as can be contrived. The three samples
already taken and tested to represent background appear to have been located too
close to areas of activity and possibly within minor drainages which could have
introduced radium contaminated surface runoff.

d. Creek Contamination. It is not yet known whether the north and south
forks of Live Oak Creek are contaminated with radium. Water samples from both



forks will be needed to determine this.

e. Strong Radiation Sources. A strong total gamma source (radium) appears
to be located very near where sample E (9.5 to 10.0 feet in depth) was taken in
boring 8A-1 (boring located on the south side of the Radioactive Disposal Area).
Sample E tested 105.7 pCi/g (total gamma).

f. Radium Contaminated Ground-Water Recharge. Paluxy ground water produced
by well IAW 161-44 is believed contaminated with radium 226/228 by one of two
possible mechanisms: (1) radium contaminated water percolating downward from the
ground surface behind the casing of the well to the producing interval of the well
(failed grout seal between the well casing and the wall of the hole); and (2)
radium contaminated rain runoff flowing to the south, downslope into the south fork
of Live Oak Creek. Also, the septic sewer system filter bed is located next to a
steep bedrock slope which descends directly to the creek. The filter bed is
located on the Walnut Formation, only a few feet above the top of the Paluxy
aquifer. The Walnut is considered to have hydraulic conductivity too low for
ground-water flow, and is suspected to have insufficient ability to hold or dispose
of all effluent from the sewer system. If this is correct, excess effluent
probably returns to Live QOak Creek. If radium contaminated surface water rqgches
the creek, by whatever route, it is likely to be picked up by W811;I§Y 161-44)0nly
if the well develops a pumping cone of depression in the water table of the Paluxy
aquifer sufficiently deep to reverse the normal ground-water gradient from creek
bank to Live Oak Creek, instead allowing ground water to flow from the creek to the
well. If well QZﬁhTETZZ)produces radium contaminated water from Live Oak Creek,
the contaminated water is being recycled by means of the sanitary sewer system.
Data have not yet been developed to adequately define the route(s) of radium
contaminants from source to well @—ﬁ/ : o

o oot ooel

5. RECOMMENDATIONS.

.

2212 -0 Tuw )

a. Remedial Investigations Consisting Of:

(1) Additional record searches and interviews should be conducted to
obtain more information on radium source locations(s) and other pertinent matters.
Especially important are the as-built drawings of the water well in Building 8504
and those of the water and sanitary sewer systems. Electric and sample logs of
both the well in Building 8504 and the abandoned well in
Building 8502 will be extremely important for determining zonation of the Paluxy
aquifer and of significant help in locating the most hydraulically conductive
portions of it. Length of the normal pumping period of the well into Building 8504
to replenish water in the water tower adjacent to the well, and the typical period
between pumpings are desired data. Information on any dump areas not yet reported
and what was placed in them is of special interest. Air Force nuclear authorities~
will be consulted as to whether maintenance of weapons in Building 8503 could have
allowed any radium 226/228 to be released.

(2) Soil borings - background (naturally occurring) radium content.
Ten borings 1.5 feet deep, one sample per boring.

(3) Soil borings - sanitary sewer system filter bed. Five borings
approximately 5 feet deep, two samples per boring.



(4) Stream samples - North and South Forks of Live Oak Creek - eight
water samples, four samples each fork.

(5) Well water samples - two samples for radium anion determination

R R N 4 RN
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(6) Pump test of water welliiza\lGl-AA. This test depends upon
installation of an "air line" in the well through which water levels in the well
can be measured while the well is being pumped. The test is designed to discover
the magnitude of piezometric slope change to be expected within normal pumping and
shutdown periods. If conditions permit, attempt will be made to determine
hydraulic conductivity of the Paluxy aquifer by means of the pumping test.

(7) Walnut test boring. Two borings approximately 15 feet deep
located near the top of the ridge in the vicinity of well in Building 8504. These
borings are to be cored and water pressure tested to better define hydraulic
properties of the Walnut Formation.

(8) Continue plotting monthly rainfall against radium content of the
well in Building 8504 as developed by Carswell Bioenvironmental Office.

(9) Prepare a report covering results of above investigations.

b. Radloactive Disposal Area. Prepare remedial design for removal of the
three 12-inch diameter cast iron pipes and any surrounding contaminated soil.

)

6. COST ESTIMATE.

a. Drilling and Sampling. $ 4,000
b. Water Sampling. 500
c. Laboratory Analysis 1,000
d. Pump Test, Well 161-44. 3,000
e. Walnut Foundation Borings 3,000
f. Administration/Report. 8,000

g. Design/Prepare Plans and Specs
Remedial Action - Radioactive
Disposal Area. 17,500

SUB TOTAL 37,000

h. Remedial Action - Radioactive

Disposal Area.

o |0
\."o
o O
o I0
(=} (w]

TOTAL

7. Above task will be accomplished in FY92.
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APPENDIX A

RESULTS OF CHEMICAL ANALYSIS OF SOIL SAMPLES
WEAPONS STORAGE AREA
CARSWELL AIR FORCE BASE, TEXAS
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:PRCJECT: Fort worth D .t o 1 ortract No.

:Feature: Carswel: AFB

: Weapons Storaxs Al ec. .
TEST REQUEST N(r. @ ExF - +l0 010 “rom: Melvin Green
Date Requestsd 20 Svanst 138 Thief. Geote-hnical Erancnh:
Date \ccepted T Au st 198
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SOUTHWESTERN DIVISION LABORATORY, CORPS OF ENGINEERS
4815 (Cass Street
Dallas, Texas 75235

s 86 6 2 o

: SUBMITTAL OF SWDED~GL REPORT 15398 :
: PROJECT: FORT WORTH DIsTRICT : Report submitted for payment :
:  FEATURE: CARSWELL AFB p OCTOBER 1991 :
: WEAPONS STORAGE AREX ] .
: TEST REQUEST NO: E8791031¢ : COST CODE :
: Dated: 22 AUGUST 1991 RG1032125080099 :
: Received: 27 AUGUST 1991 : DISTRICT: FORT WORTH :
: COST :
: OUTSIDE TESTING $ 2,475.00 :
: +10% $ 247.50 :
: 3 2,722.50 .
: TOTAL AMOUNT DUE TH:S REPORT $ 2,722.50 :
: TOTAL AMOUNT BILLED TO AT $ 2,722.50 :

BALANCE REMAINING ON CURRENT 04 T4 $ 1,402.50
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number nuclide conf.va:ue

1 RA-226
, 2 AC-228

Bl

‘Flagsz c =

o

. 9991
.991¢

b7, o

~ o

ok

H2B8E+CQO +
L.B27E-01 +
TLIE+GOQ
@ part oof

Ly

decay
corrected

D 2.428E+00
. 30% 2.827E-01
2.711E+00

REPORT

I I I ¥ K

saturation

0.000E+00
0.000E+00

0.000E+00

nderdetermined solution
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peak spectrum libra-y spectrum eries full photopeak detection
-~ H # enerqgy eneray o activity limit
keV =Y ket pCi/g pCi/g
AZ-228
} S 328. 10 338.5 . 3.209E-01 7.153E-02
< 28 211,07 311.2% D3 <.650E-01 3.134E-02
3 30 968. 30 68, I 4 2.843E-01 6.499E-02
3. 134E-02
RA-226
1 8 ’ 186. 138 .90 2.429E+00 2.242E-01

2.242E-01



15:49: 15

SAMPO 90, 13990 PA,MN, Jk. 20-Sep-1931
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* *
* G AMMA S FEC T & Jgwm FaooN 5 1 8 REPORT *
* *

R R T v e S S S L S ST T e s
T SCIENTECH, INC., 2105 LUNA PD., TARFOL. 0N, TX

.Sample description: 1-27320
Spectrum file name: AAOL745
Sample identifier : RAD4749
Sample size : 5.400E+ . q
“Measured by t  KAS

Start of i1irradiation 28-Acg - 1371 at 16:43: 8
=Znd of 1rradiation 2B-Aug-1991 at 16:43: 8
Collect started on 28—-Aug-19391 at 16:43: 8
“ollect ended oM 28-Acva- 1991 at 18:23: 8
i
Irradiation taime L 2ars 0 days O hours O minutes
LPecay time ea’s 0 days O hours O minutes
~1ve time: 6. 0D00E+0OZ 5 real *rime: o O b« 03 g dead time: .00 %
~_Shape calibration requested H3EOM.
Shape calibration used DEFALKL T
Created L~ T 0: 0: O
Maoda fiec e 0O: 0: O
Inerqy calibration requested BEOM
Enerqy calibration used 3EOM
. Created 26—-Aug- 1991 16:34:14
Mod: frec 26~FRua- 1991 16:40: 44
Efficiency calibration requested SEOM
fficiency calibration used SEOM:
- Created 25—Aug 19931 16:43:35
Modi o ed 2R P9It 16:43:35
-ast search discrimination level: 4
Last searach FFROM channel T IRECTATE N 4086
'ast fittinmg discraiminaticon [eve) 5.
-ast fit FEOM -hannel S To ETATEN 3036
Tdentification energy talerarn. =
Minimum 1ntensity conw. fa -t
samma reference librar. . ok Y- RADTUML ILF
~1th < 1sotopes arc gamme |
1DA library name: LI BREARY AD TUML T
1DA eneray talerance: Lo e
MDA decision limit 1-alpha: ENIEN
MDA detection 1i1mit | beta: ARIRI
Teaked backround file: NONE
- Energy tolerance for peabed bDatiy wn@ &0 a0 Toon: 1.00 keV
Threshold factor oy ealbk areas: ’

-
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number nuclide conf.va.ue Cem e A Lt ¢ pCi/g) ——————————————
MBasu - e decay saturation
carrected
- 1 RA-226 .'3980 L 41BE+ OO 4 L3, 20% 1.418E+00 0.000E+00
’ 2 AC-—-228 .9910 S.097E-D21 +- F.21% S5.097E-01 0.000E+00
< o e e n—n e —— e o v > > — oot
- B L 32T7E+ 0 1.927E+00  0.000E+00
! Flags: C = check; nuciide i1s a part ot :: inderdetermined solution
L
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peak spectrum library spectrum
# # enerqy energy

keV keV
AC-228
1 10 338. 40 338.47
2 16 911.07 911.30
3 17 968.90 968.91
RA-226
1 6 * 186.00 185.89

REPORT

energy
diff.
keV

-.07
-. 23
-.01

- 11

full photopeak
activity
pCi/g

S.713E-01
9.633E-01
3. 550E-01

1.418E+00

T B B F I I F e e I I I I F I I N

detection
limit
pCi/g

2.445E-01
1.001E-01
2.116E-01

— o s S S S i s Yt S

1.001E-01

7.724E-01

7.724E-01
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3AMPO 90, 1990 PA,MN, JR.

******************************************************************************
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* GAMMA SPECTRUM ANALYSIS REPORT *
»*
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SCIENTECH, INC., 2105 LUNA RD., CARROLLTON, TX
sSample description: 1-2731

Spectrum file name: AAO04750

Sample identifier : AA04750

Sample size : 4,.300E+02 g
"™Measured by : KAS

Start of irradiation :  28-Aug-1991 at 19:12:20
£nd of irradiation s 2B-Aug-1991 at 19:12:20
Collect started on : 28-Aug-19391 at 19:12:20
Zollect ended ort :  29-Aug-—-1991 at B:15:40
Irradiation time : 0 years O days O hours O minutes
Decay time : O years O days O hours O minutes
cive time: 4.633E+04 5 real time: 4.700E+04 s dead time: .01 %
_Shape calibration requested : GEOM3
Shape calibration used : DEFAULT
Created : 1-Jan- 1 O: O0: O
Modified @ 1-Jan- 1 O: 0: O
£nerqgqy calibration requested s GEOM3
Energy calibration used :  3EOM3
- Created : 26-Aug-—-1991 16:34:14
Modified @00 26—-Aug—1991 16:40: 44
Efficiency calibration requested : GEOMZ
Sfficiency calibration used :  5EOM3
Created : 26-Aug—-1991 16:43: 35
Modified @ 26-Aug—-1991 16:43: 35
Last search discrimination level: .00
Last search FROM channel 10 TO channel 4086
Last fitting discrimination level: 5.00
Last fit FROM channel 1 TO channel 4036
Identification energy tolerance : 1.00
Minimum intensity conv. factor : 1.00
Hamma reference library : - - \LIBRARY\RADIUM. ILF
with 2 iscotopes and 4 gamma lines.
MDA library name: ..\LIBRARY\RADIUM.ILF
. MDA energy tolerance: 1.00 keV
». MDA decision limit 1-alpha: 395.00 %
MDA detection limit 1-beta: 95.00 %
, Feaked backround file: NONE
1.00 keV

“ Energy tuolerance for peaked backround subtraction:

-

Threshold factor for peak areas:

1.00




ExexxNEXXEX R ADIONUCLTIDE ANALYSTIS REPORT wexxesx

Tumber nuclide conf.value ~ =———————- Activity (¢ pCi/g) ——
measur ed decay saturation
corrected .
1 RA-226 .9982 2.152E+00 +- 8.40% 2. 152E+00 0.000E+00
2 AC-228 . 9920 6.031E-01 +— 4.29% 6.031E-01 0.000E+00
2. 735E+00 2.7395E+00 0.000E+00

Flags: C = check; nuclide is a part of an underdetermined solution
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peak spectrum

#

17
29

32

10

library
energy
keV

338.40
911.07
968. 90

186.00

spectrum
enerqy
keV

338.52
911.22
969. 01

185.89

REPORT

enerqy
diff.
keV

-.12
-.15
—cll

.11

full photopeak
activity
pCi/sg

S5.347E-01
6.110E-01
6.732E-01

2.152E+00

W I I W I I W W I I W W I W W I W W I W R H

detection
limit
pCi/g

9.260E-02
3.687E-02
S5.210E-02

3.687E-02

3.050E-01

3. 050E-01
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5AMPO S0, 1990 PA,MN, JR.

20-Sep-1931

15:54:20
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*
* GAMMA
A

SPECTRUM

ANALYSIS

REPO

*
*
*

******************************************************************************

" SCIENTECH, INC.,

Sample description: 1-2732
"Spectrum file name: AAO47S1
Sample identifier : AA04751
Sample size : 9.650E+02
“Measured by :  KAS

Start of irradiation
Znd of irradiation
Collect started on
“ollect ended on

&rradiation time
JPecay time
~ive time:
Shape calibration requested
“Shape calibration used
Created
Modified

Znergy calibration requested

Energy calibration used

—~ Created
Modified

Efficiency calibraticn requested

Ifficiency calibration used
Created
Modified

-ast search
Last sear:ch FROM channel

lLast fitting discriminaticon level

-ast fit FROM channel
Identification energy tclerance
Minimum intensity conv. factor

jamma reference library
~ith 2 isotopes and

DA library name:

DA energy tolerance: 1.00
35.00
35. 00

MDA decisicon limit 1-alpha:
MDA detection limit 1-beta:

reaked backround file: NONE

Energy tolerance for peaked backround

Threshold factor for peak areas:

[_

2105 LUNA RD.,

6. 000E+03 s real time

discrimination level:

CARROLLTON, TX

29-Aug-1931
29-Aug-1991
29-Aug-1991
29-Aug-1991

O years
0 years
6.000E+03 s

GEOM3

DEFAULT
1-Jan-— 1
1-Jan- 1

GEOM3
GEOM3
26—Aug-1991
26—Aug-1931

GEOM3
GEOMZ2

26—Aug-1991
26-Aug-1931

4.00

10 TO channel

S5.00

1 TO channel

1.00
1.00

at
at
at
at

O days
0 days
dead time:

8:18:352
8:18:52
8:18:52
9:58:52

o O
oo
% e

16:24:14
16:40: 44

16:43:35

16:43: 35

- . \LIBRARY\RADIUM. ILF

4+ gamma lines.

. - \LIBRARY\RADIUM. ILF

eV
A
%

1.00

subtraction:

1.00

O hours
O hours

O minutes
0O minutes



exxxxxu¥®® R ADIONULCLIDE ANALYSIS REPORT #xexexs

umber nuclide conf.value = ————=——— Activity ( pCi/g)
measur ed decay saturation
carrected
1 RA-226 . 9987 2.274E+00 +- 12.86% 2.274E+00 0.000E+00
! 2 AC-228 .9739 4.409E-01 +- B8.78% 4.409E-01 0.000E+00
P e e e
' B ) 2.715E+00 2.713E+00 0. 000E+00

N
'Flags: C = check; nuclide is a part of an underdetermined solution



WP R RN REREAXE M D A R E P O R T %%%%%51363H3H 363 3396963 3 3 3 36 3 36 3 3 3 3 36

‘peak spectrum library spectrum energy full photopeak detection
- # # energy energy diff, activity limit
keV keV keV , pCi/g pCi/g
"~ ac-228
y 1 11 338.40 338.64 ~-. 24 4.390E-01 2.080E-01
j 2 16 911.07 911.22 -.15 4.417E-01 6.434E-02
-3 17 968.90 969. 19 ~.29 4.409E-01 1.630E-01 i
i ‘ 6. 434E-02
RA-226
o1 7 * 186.00 185.91 .09 - 2.27SE+00 7.079E-01

7.079€-01



¥

SAMPO 90, 1990 PA,MN, JR. 20-Sep-1991 15:58:11
******************************************************************************

* _ »*
* GAMMA SPECTRUM ANALYSTIS REPORT *
- *

U0 I AT T T I U I U B 2 B 3 36T I FE I I I I I 2 2626 36 A 6 I 36363 363 I3 36 I 3 I3 3633 HE I N
" SCIENTECH, INC., 2105 LUNA RD., CARROLLTON,TX

Sample description: 1-2733

Spectrum file name: AA04752

‘Sample identifier : AA04752
Sample size H 3.790E+02 g
‘Measured by : KAS

29-Aug-1991 at 20: 1:52
29-Aug—-1991 at 20: 1:52
29-Aug-1991 at 20: 1:52
30-Aug-1991 at B8: B8:13

Start of irradiation

End of irradiation

Collect started on

Collect ended on

Irradiation time

<-Decay time

.Live time: 4,354E+04 s real time

O years 0 days O hours O minutes
0 years O days O hours O minutes
4,.358E+04 s dead time: .09 %

Shape calibration requested : GEOM3
Shape calibration used : DEFAULT
Created : 1-Jan- 1 0: 0: O
Modified : 1-Jan- 1 0: 0: O
Energy calibration requested : GEOM3
Energy calibration used : GEOM3
- Created : 26-Aug-1991 16:34:14
) Modified : 26-Aug-1991 16:40:44
_Efficiency calibration requested GEOM3
Efficiency calibration used GEOM3

Created 26—-Aug—-1991 16:43:35
Modified 26—-Aug—-1991 16:43: 35
Last search discrimination level: 4.00
Last search FROM channel 10 TO channel 4086
Last fitting discrimination level: 5.00
Last fit .. FROM channel 1 TO channel 4036
Identification energy tolerance : 1.00
Minimum intensity conv. factor : 1.00

Gamma reference library « - \LIBRARY\RADIUM. ILF
with 2 isotopes and 4 gamma lines.

MDA library name: . . \LIBRARY\RADIUM. ILF
MDA energy tolerance: 1.00 keV
MDA decision limit 1-alpha: 95.00 %
MDA detection limit 1-beta: 95.00 %

Peaked backround file: NONE

LEnergy tolerance for peaked backround subtraction: 1.00 keV

Threshold factor for peak areas: 1.00



-

*EAEFEEXFEXE R A DI ONUOCLIDE ANALY

SIS REP OR T ®ekwsrs

number nuclide conf.value = ———————- Activity ( pCi/g) ———————————=—=
measured decay saturation
corrected
1 RA-226 . 9953 1.052E+02 +- 6.92% 1.052E+02 3.922E+00
) 2 AC-228 . 9756 5.142E-01 +- 5.817% 5.142E-01 3.993E+00
: Yoo 1.057E+02 1.057E+02  7.916E+00
W Flags: C = check; nuclide is a part of an underdetermined solution

e



HHRERREHENRAEEREREARRHARXEERE M D A R E P O R T 3585563353366 9939333 3 3 3 364

f peak spectrum library spectrum energy full photopeak detection
C# # energy eneragy diff. activity limit
keV keV keV pCi/a pCi/g
- AC-228
1 24 338.40 338.58 -.18 6.478E-01 2.775E-01
2 48 911.07 911.29 -.22 4.3986E-01 3.099E-02
3 52 968.90 969.17 -.27 4.834E~01 1.369E-01
‘ 9.099E-02
RA-226
-1 14 + 186.00 185.82 .17 1.052E+02 8.985E-01
8. 985E-01



3AMPO 390, 1990 PA,MN, JR. ’ 20~Sep-1931 17: 7:14
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* *
* GAMMA SPECTRUM ANALYSTI1IS REPORT *
»* *

it 2 2 2 22 SR 2RI R R R R g g S T X T X R
-?SCIENTECH, INC., 2105 LUNA RD., CARROLLTON, TX

Bample description: 1-2734

Spectrum file name: AA04753

~Sample identifier : AA04753
Sample size H 4.3980E+02 g
Measured by 1 KAS

30-Aug-1991 at 15:43:42
30-Aug-1991 at 15:43:42
30-Aug—-1991 at 15:43:42
30-Aug-1991 at 17:23:42

Start of irradiation
End of irradiation
Collect started on
Tollect ended on

Irradiation time
~Decay time
pive time: 6.000E+03 s real time

O years O days O hours O minutes
0 years O days O hours O minutes
6.000E+03 s dead time: .00 %

~Shape calibration requested :  GEOM3
Shape calibration used : DEFAULT
g Created : 1-Jan- 1 O: 0: O
Modified : 1-Jan- 1 O: 0: O
Enerqgy calibration requested GEOM3
GEOM3

Energy calibration used

Created 26~Aug-1991 16:34: 14

Modified 26—Aug-1991 16:40:44
_Efficiency calibration regquested GEOMZ
GEOM2

Efficiency calibration used

Created 26-Auq—-1991 16:43: 35S
Modi fied 26—Aug—-1391 16:43:35
Last search discrimination level: 4.00
Last search FROM channel 10 TO channel 4086
Last fitting discrimination level: 4.00
Last fit FROM channel 1 TO channel 4036
Identification enerqy tolerance : 1.00
Minimum intensity conv. factor : 1.00
amma reference library : - - \LIBRARY\RADIUM. ILF
with 2 isotopes and 4 gamma lines.
MDA library name: - \LIBEARY\RADIUM. ILF
. MDA enerqy tolerance: 1.00 keV
. MDA decision limit 1-alpha: 395.00 %
MDA detection limit 1-beta: 35.00 %
. Peaked backround file: NONE
\'Energy tolerance for peaked backround subtraction: 1.00 keV
Threshcald factor for peak areas: 1.00



xxenxxx®® RADIONUCLTIDE ANALYSTIS REP ORT #sexwrs

number nuclide conf.value W ———=———— Activity ¢ pCi/qg)

measur ed decay saturation
corvected

1 RA-226 . 9991 2.3932E+00 +- 12.74% 2.932Z2E+00 0.000E+00
- 2 AC-228 . 9830 3.929E-01 +- 11.36% 3.9529E-01 0.000E+00
Ao g g A Y 3.2B4E+00 3.284E+00  0.000E+00
; .
Flags: C = check; nuclide is a part of an underdetermined solution



P I I I IR RN NNREERE M D A R E P O R T 335353333 333 36 36 3 3 3 3 3 366 36 3 96 3 % %

~ peak spectrum library spectrum energy full photopeak detection
; # # enerqgy energy diff. activity limit
keV keV keV pCi/g pCi/g
?
‘ Ac-228
- 1 9 338.40 338.65 -.25 4.192E-01 2.199E-01
j 2 S 911.07 911.25 -.18 3.214E-01 9.319E-02
3 16 968.90 969.00 -.10 3.696E-01 2.016E-01
§ : 9.319E-02
RA-226
D | 5 +  186.00 186.08 -.08 2.931E+00 7.696E-01
e
7.696E-01

[ a s oy
)



Exx¥NAX¥X R ADIONUCLIDE ANALYSIS REPORT *kxxins

number nuclide conf.value = ———-—~—— Activity ( pCi/sg) ——=——————————
measur ed decay saturation

N corrected
1 RA-226 . 9937 2.272E+00 +—- 12.74Y% 2.273E+00 0. 000E+00
\ 2 AC-228 -9821 1.616E-01 +- 22.87% 1.616E-01 0.000E+00
- L 2.435E+00 2.435E+00 0. 000E+00

-

'Flags: C = check; nuclide is a part of an underdetermined solution
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'tpeak spectrum library spectrum energy full photopeak detection
# # enerqgy energy diff. activity limit
keV keV keVv pCi/g pCi/g
\
j
T AC-228
_ .1 9 338.40 352.20 -13.80 0. 000E+00 2.671E-01
| 2 14 911.07 911.40 ~-.33 1.616E-01 7.838BE-02
3 14 968. 90 911.40 57.50 0.000E+00 2.288E-01
T
! : 7.B838E-02
H
RA-226
j 1 S + 186.00 185.95 . 05 2.273E+00 6.769E-01
6.769E-01



JAMPO 90, 1930 FPA,MN,JR. : 20~-Sep-1991 17:16:31
******************************************************************************

+* *
k GAMMA SFECTRUM ANALYSIS REPORT *
¥ *

PR R SV SV VRV VR T S SR gt gt e SRR TS L L L L L L R LS
9SCIENTECH, INC., 2105 LUNA RD., CARROLLTON, TX

jample description: 1-2736

Spectrum file name: AAO47355

Sample identifier : AA04755
jample size : 4.740E+02 g
Measured by : KAS

31-Aug-13931 at 11:21:34
31-Aug-1991 at 11:21:34
31-Aug-1991 at 11:21:34
21-Aug-1991 at 13: 1:34

—ﬁtart of irradiation
end of irradiation
Collect started on
Sollect ended on

0 years 0 days O hours O minutes
0 years 0 days O hours O minutes
6.000E+02 s dead time: .00 %

irradiation time
Decay time
-ive time: 6.000E+02 s real time

Shape calibration requested :  GEOM2
shape calibraticon used : DEFAULT
Created : 1-Jan- 1 O: 0: O
Mcodified : 1-Jan- 1 0: 0: O
inergy calibration requested : GEOM3
Znergy calibration used :  GEOMZ
. Created : 26—Aug-—-1991 16:34:14
Modified : 26-Aug-1991 16:40:44
Efficiency calibration requested : GEOM2
ifficien-cy calibration used :  GEOM2
Created : 26-~Aug—1991 16:43: 35
Modified : 26-Aug-1991 16:43: 35
-ast search discrimination level: 4.00
-ast search FROM channel 10 TO channel 4086
lLast fitting discrimination level: 4. 00
.ast fit FROM channel 1 TO channel 4036
[dentification energy tolerance : 1.00
Minimum intensity conv. factor : 1.00
iamma reference library :  ..\LIBRARY\RADIUM.ILF
/ith 2 isotopes and 4 gamma lines.

MDA library name: . - \LIBRARY\RADIUM. ILF
DA energy tolerance: 1.00 keV
1IDA decisicn limit 1-alpha: 35,00 %

MDA detection limit 1-beta: 95.00 %

*eaked backround file: NONE
- Inergy tolerance for peaked backround subtraction: 1.00 keV

Mreshold factor for peak areas: 1.00



36 3 36 3 3 I3 ¥

number nuclide conf.value

i

et ek

1 RA-226 . 9978
2 AC-228 . 9886

RADIONUZLC

L IDE ANALYSIS REPORT #exkx®x

———————— Activity (¢ pCi/gd N

measur ed decay saturation
corrected

2.244E+00 +- 14.57% 2.244E+00 0. 000E+00
6.785E-01 +- 8.01% 6.785E-01 0.000E+00

——— - —— —— — —— i o St . e ———————— - ——

2. 922E+00 2.922E+00 0.000E+00

is a part of an underdetermined solution
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peak spectrum library spectrum energy full photopeak detection
# # energy energy diff. activity limit
kev keV keV pCi/g pCi/a
AC-228
.1 10 338.40 338.54 ~-.14 6.303E-01 2.584E-01
2 i6 911.07 911.23 -.16 &.410E~01 9.394E-02
3 17 368. 90 969.06 -.16 8. 090E~01 1.848E-01
- . 9.394E~-02
RA-226
— 1 3 . 186.00 185.88 “12 2.244E+00 8.658E~-01
8. 658E~-01
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* GAMMA SPECTRUM ANALYS IS REPORT *
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L 2 T T T T T MR R S SRR e g S e SR TR SRR T Y R 2
-~ SCIENTECH, INC., 2105 LUNA RD., CARROLLTON, TX

Sample description: 1-2737

Spectrum file name: AA04756

ample identifier : AA047S56
‘Pample size : 4.6350E+02 g
Measured by : KAS

31-Aug—-1991 at 13:48:28
31-Aug—-1991 at 13:48:28
31-Aug-1991 at 13:48:28

1-Sep—1991 at  17:35:21

Btart of irradiation
Znd of irradiation
Collect started on
“ollect ended on

0 years 0 days O hours O minutes
0 years 0 days O hours O minutes
1.000E+05 s dead time: .01 %

Irradiation time
_Decay time
~ive time: 1.000E+0S s real time

Shape calibration requested : GEOM23
“Bhape rcalibration used : DEFAULT
Created : t-Jan- 1 0: 0: O
Modified : 1—-Jan- 1 0: 0: O
Znergy calibration requested GEOM3
Enerqgqy calibration used EEOM3

- Created 26-Aug—-1991 16:34: 14
‘ Modified 26—-Aug-1991 16:40: 44
Efficiency calibration requested GEOM3
Zfficiency calibraticon used GEOM3

, Created 26—-Aug-1991 16:43: 35
Modi fied 26-Aug—-1991 16:43: 35S

ast search discrimination level: 4.00

Last search FROM channel 10 TO :channel 4086

Last fitting discrimination level: 4.00

.ast fit FROM channel 1 TO -hannel 4036

Identification energy tolerance : 1.00

Minimum intensity conv. factor : 1.00

jamma reference library - - \LIBRARY\RADIUM. ILF
vith 2 isctopes and 4 gamma lines.

MDA library name: ..\LIBRRARY\RADIUM.ILF

1DA energy tolerance: 1.00 keV

~ MDA decisicn limit 1-alpha: 35.00 %

"MDA detection limit 1-beta: 35.00 %4
~eaked backround file: NONE

»Znergy toleranze for peaked backround subtraction: 1.00 keV
fhreshold factor for pealk areas: 1.00

-



NN NNAN‘E R ADI ONUCLTIDE ANALYSI1IS REPORT a¥¥xxx

wumber nuclide conf.value  ~———————— Activity ¢ pCi/sqg)
measured decay saturation
corrected
a 1 RA-226 . 9991 2.227E+00 +- 7.62% 2.227E+400 3. 197E+00
2 AC-228 . 9767 8.107E-01 +- 3.57% 8.107E-01 3.255E+00
U R P / 3.03BE+00 3.03BE+00  6.452E+00

Flags: C = check; nuclide is a part of an underdetermined solution



SR IR NN RN NANNEXE M D A R E P O R T %3353 3333 3 3 36 3 369 36 3 3 3 3 3696 3 3 5 3%

_peak spectrum library spectrum enerqy full photopeak detection
N # energy energy diff. activity limit

keV keV keV , pCi/g pCi/g
" AC-228
, 1 21 338.40 338.55 -.15 7.409E-01 6.449E-02
L2 38 911.07 911.35 ~-.28 8.255E~01 2.709E~-02
I3 41 968.30 969.12 -.22 8.764E-01 4.411E-02
Z . 2.709E-02
RA-226
- 1 12 .+« 186.00 185.93 .07 2.228E+00 2.193E-01
‘ 2. 193E-01



SAMPO 30, 19390 PA,MN, JR. 20-Sep—-1391 17:22:33
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* ¥*
* GAMMA SPECTRUM ANALYSIS REPORT *
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636 I I 3 F I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I
- SCIENTECH, INC., 2105 LUNA RD., CARROLLTON, TX
Sample description: 1-2738

Spectrum file name: AAV4757
-Sample identifier : AA04757
Sample size : 4.720E+02 g
'‘Measured by : KAS

1-Sep-19391 at 15:32:24
1-Sep—-1991 at 15:32:24
1-5ep-1991 at 15:32:24
1-Sep-1991 at  17:34:17

Start of irradiation

iEnd of irradiation

Collect started on
ﬁCollect ended om

J

Irradiation time
—Decay time

Live time: 7.312E+02 s real time

0O years 0O days O hours O minutes
O years 0 days O hours O minutes
7.313E+03 s dead time: .01 %

_Shape calibration requested : GEOM3
Shape calibration used : DEFAULT
Created : 1-Jan- 1 O: O0: O
Modified : 1-Jan- 1 0O: 0: O
LEnergy calibration requested :  GEOM3
Energy calibration used :  GEOM2
-~ Created : 26-Aug-1991 16:34:14
; Modified : 26-Aug-1991 16:40:44
_Efficiency calibration requested : GEOM3
Efficiency calibration used :  GEOM3
. Created : 26-Aug-1991 16:43: 235
Modified : 26-Aug-1931 16:43:35
Last search discrimination level: 4.00
Last search FROM channel 10 TO channel 4086
-Last fitting discrimination level: 4.00
Last fit FROM channel 1 TO channel 4036
‘Identification energy tolerance : 1.00
Minimum intensity conv. factor : 1.00
Gamma reference library :  ..\LIBRARY\RADIUM.ILF
-with 2 isotopes and 4 gamma lines. )

MDA library name: ..\LIBRARY\RADIUM.ILF
MDA energy tolerance: 1.00 keV
‘MDA decisicn limit 1-alpha: 95.00 %

" MDA detecticn limit 1-beta: 35.00 %

‘Feaked backrcound file: NONE
-~ Energy toleran:-e for peaked backround subtraction: 1.00 keV

‘Threshold factor for peak areas: 1.00



-

wxxwx%x®* R ADIONUCOCLTIDE ANALYSTIS REPORT #*xexsxs

Aumber nuclide conf.value = -———————- Activity ( pCi/g) —-—————————————
measur ed decay saturation

] corrected

{

' 1 RA-226 . 9999 2.603E+00 +- 12.57% 2.603E+00 0. 000E+00

. 2 AC-228 . 9716 95.127E-01 +- S5.65% 9. 127E-01 0.000E+00

e — —_——

i . e -

d Ty /. 3.S51SE+00 3.51SE+00  0.000E+00

7 Flags: C = check; nuclide is a part of an underdetermined solution

]
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peak spectrum library spectrum enerqgy full photopeak detection
# # eneray energy diff. activity limit
keV keV keV pCi/g pCi/g
CAC-228
1 10 338. 40 338.51 -.11 39.330E-01 2.189E-01
2 18 911.07 211.39 -.32 7.291E-01 1.136E-01
3 20 968.90 869.15 -. 25 1.126E+00 1.058E-01
! ' ~ 1.058E-01
RA-226
- 1 S . 186.00 185.97 .03 2.603E+00 8.388E-01
8. 388E-01

canr



3AMPO 30, 1990 PA,MN, JR. 20-Sep-1331 17:25:45
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F GAMMA SPECTRUM ANALYSIS REPORT :

33696 96 36 96 3636 3 36 36 96 3696 3636 96 96 36 3636 36 3 36 3636 36 36 36 6 36 3 36 36 3 36 3 36 3690 3 369696 32696 996 9 3 696 36 3696 36 36 9 36 3696 3636 36 96 3696 3 36 39 9 336 3 36
SCIENTECH, INC., 2105 LUNA RD., CARROLLTON,TX

’ample description: 1-2739

Spectrum file name: AAC4738

Sample identifier : AAO47358B
>ample size : 4.580E+02 g
Aeasured by : KAS

1-Sep—-1991 at 17:35:32
1-Sep-1991 at 17:35:32
1-Sep—-1991 at 17:35:32
2-Sep—-1991 at - 7:20:17

jtart of irvradiation
ind of irradiation
Collect started on
~>ollect ended on

0 years 0 days O hours O minutes
0 years 0 days O hours O minutes
4.949E+04 s dead time: .02 %

Irradiation time
Decay time
-ive time: 4.,948E+04 s real time

Shape calibration requested :  GEOM3
“Shape calibration used : DEFAULT
Created : 1-Jan- 1 O: 0: O
Modified : 1-Jan- 1 0: 0: O
—nergy calibration reguested :  GEOM3
Znerqy calibration used :  GEOM2
— Created : 26-Aug-1991 16:324: 14
Modified : 26—Aug-1991 16:40:44
Efficiency calibration requested : GEOM3
"Zfficiency calibration used :  3EOM3
Created : 26-Aug-—-1991 16:43: 35
Modified : 26-Aug-1991 16:43: 35
-ast search discrimination level: 4.00
—ast search FFROM channel 10 TO channel 4086
Last fitting discrimination level: 4.00
tast fit FROM :-hannel 1 TO channel 1036
Identification enerqy tclerance : 1.00
Minimum intensity conv. factor : 1.00

Gamma reference library . \LIBRARY\RADIUM. ILF
~ith 2 isotopes and 4 gamma lines.

MDA library name: ..\LIBRARY\RADIUM.ILF
MDA energy tolerance: 1.00 keV
MDA decision limit 1-alpha: 35.00 %
"MDA detection limit l-beta: 35.00 %

Peaked backround file: NONE
-cnerqy tolerance for peaked backround subtraction: 1.00 keV
Threshaold factor for peak areas: 1.00



F 36 36 3 36 36 6 ¥ 6 ¥

umber

b -

e

"Flags:

nuclide conf.value

RA-226 .9997
AC-228 -9747

~ /‘71,: P9

C = check; nuclide

RADIONUCLTIDE

o~ — e €~ G s

ANALYSIS

Activity

measur ed

2.805E+00 +-
8.828E-01 +-

—— s . . o o o

3.688E+00

8.02%
3.82%

REPORT

¢ pCi/gd

decay
corrected

2.803E+00
8.828E-01

3.688E+00

saturation

0. 000E+00
0. 000E+00

0. 000E+00

is a part of an underdetermined solution

33 3 H K ¥



‘:***************************

- peak spectrum

21
34
37

12

library
energy
keV

338.40
911.07
968. 30

186.00

MDA

spectrum
enerqy
keV

338.57
911.33
969. 15

185.96

FEPORT

eneraqy
diff.
keV

~.17
~.26
_025

.04

full photopeak
activity
pCi/g

8.107E-01
8.670E~-01
9.961E-01

2.B8B0SE+00

3636 3 3 3 I I I W I I I I I W W I W W N

detection
limit
pCi/g

9.934E-02
4.545E-02
6.3528e-02

—— —— ot — . o vt S

3.500E-01
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* *
* GAMMA SPECTRUM ANALYSTIS REPORT *
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236336 H 6T 36 I 6 I 63 I 36369 F6 63 36 3 2 3636 JI6 I I 3636 36 3 3 36 36 36 36 3 36 3 6 36 3 36 I 3 63 3 2 2 I 3 I I I I I I W N
~ SCIENTECH, INC., 2105 LUNA RD., CARROLLTON,TX

Sample description: 1-2740

“Spectrum file name: AA04759

Sample identifier : AA04759
Sample size : 4.820E+02 g
--Measur ed by : KAS

2-Sep-1991 at 7:43:52
2-Sep-1991 at 7:43:52
2-Sep-1991 at 7:43:52
2-Sep—-1991 at 9: 23852

Start of irradiation
_&nd of irradiation
Collect started on
Collect ended om

0 years O days O hours O minutes
0 years 0 days O hours O minutes
6.000E+03 s dead time: .00 %

irradiation time
Decay time
—ive time: 6.000E+03 s real time

Shape calibration requested :  GEOM3
Shape calibration used : DEFAULT
Created : 1-Jan- 1 O: : O
Modified : 1-Jan- 1 O: 0: O
Inergy calibration requested GEOM3
Enerqy calibration used S5E0M3

" Created 26-Aug-1991 16:34: 14

Modified 26-Aug-1991 16:40: 44
Efficiency calibration requested GEOM3 B
"Zfficiency calibration used 3EOM3

- Created 26-Aug—-1991 16:43: 33
Modified 26-Auq-1991 16:43:2

Last search discrimination level: 4,00

Last search FROM channel 10 TO channel 4086

Last fitting discrimination level: 4,00

~ast fit FROM channel 1 TO channel 4036

-Identificaticon enerqy tclerance : 1.00

Minimum intensity conv. factor : 1.00 7

5amma reference library : - . \LIBRARY\RADIUM. ILF

with 2 isotopes and 4 gamma lines.

MDA library name: ..\LIEBRARY\RADIUM.ILF

MDA energy tolerance: 1.00 keV

MDA decision limit 1-alpha: 95.00 %
MDA detection limit 1-beta: 95.00 %

~~eaked backround file: NONE

«“ Energy tolerance for peaked backround subtraction: 1.00 keV
Threshold factor for peak areas: 1.00

L,
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#xxxxxx®%® R ADIONUCLIDE ANALYSTIS REPORT #dkakke

number nuclide conf.value = -—=—=—————- Activity ( pCi/sg) —————————m—mm—
- ”

measured decay saturation
i corrected
]
- 1 RA-226 . 9998 2.048E+00 +- 15.10% 2.048E+00 0. 000E+00
I 2 AC-228 . 9747 4.033E-01 +-~ 11.47% 4.053E-01 0.000E+00
- ST T L 2, 453E+00 2.4S3E+00  0.000E+00

Flags: C = check; nuclide is a part of an underdetermined solution

| S
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peak spectrum library

# # enerqy
keV

Cc-228

1 9 338.40

2 14 311.07

3 14 968.90
RA-226

1 S + 186.00

spectrum
enerqy
keV

338. 64
911.39
911.3%3

185.96

REPORT

eneray
diff.
keV

~.24
-.32
57.51

.04

full photopeak
activity
pCi/g

5.463E~01
3.484E-01
0.000E+00

2.04B8E+00

****************************

detection
limit
pCi/g

2.093E-01
8.688E~-02
3.130E~-01

8.688E~-02

B8.442E-01

B.442E-01
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* . *
* GAMMA SPECTRUM ANALYSTIS REPORT *
* *

IR AT I IEIE NI T I AT IE NI TE N TN I3 I 2696096 0 966 2696969606 30626 %
; SCIENTECH, INC., 2105 LUNA RD., CARROLLTON,TX

Sample description: 1-2741

“Spectrum file name: AAD4760

Sample identifier : AAO4760
Sample size : S5.080E+02 g
Measured by : KAS

2-Sep-1991 at 9:57:92
2-Sep—-1991 at 9:57:52
2-5ep-1991 at 9:57:52
2-5ep—-1991 at 11:37:52

Btart of irradiation
znd of irradiation
Collect started on
‘Collect ended on

0 years 0 days O hours O minutes
O years 0 days O hours O minutes
6.000E+03 s dead time: .00 %

Irradiation time
_Decay time
~ive time: 6.000E+02 s real time

Shape calibration reguested s GEOM3
“Shape calibration used : DEFAULT
Created : 1-Jan- 1 O: 0: O
Modified : 1-Jan- 1 0: 0: O
Inergy calibration requested : GEOMZ3
fZnergy calibration used : GEOM3
Created : 26-Aug-—-1991 16:24: 14
7 Msdified : 26-Aug-1991 16: 40: 44
Efficiency calibration requested GEOM3
fficiency calibration used SEOM3

; Created 26—-Aug-1991 16:43: 35
Modified 26—-Aug-1991 16:43:35

-ast search discrimination level: 4.00

-ast search FROM channel 10 TO channel 4086

Last fitting discrimination level: 4.00

.ast fit FROM channel 1 TO channel 4036

[dentification energy toclerance : 1.00 ‘

Minimum intensity conv. factor : 1.00

iamma reference library :  ..\LIBRARY\RADIUM.ILF

/ith 2 isntopes and 4 gamma lines.

MDA library name: - - \LIBRARY\RADIUM. ILF

1DA energy tolerance: 1.00 keV

1DA decision limit 1-alpha: 35.00 %
*MDA detection limit 1-beta: ‘I5.00 A

*eaked backround file: NONE
iinergy tolerance for peaked backround subtraction: 1.00 keV
“hreshold factor for peak areas: 1.00



RADIONUCLTIDE ANALYSTIS R EPORT ¥¥aik¥*

Y
wumber nuclide conf.value W -————-———- Activity ( pCi/g)
measur ed decay saturation
corrected
1 RA-226 . 9931 2.703E+00 +- 12,57% 2.703E+00 0. 000E+00
2 AC-228 . 9706 4.673E-01 +- 9.11% 4.673E-01 0.000E+00
Loree Ay N -
w7 e in 3.170E+00 3.170E+00 0.000E+00
-Flags: C = check; nuclide is a part of an underdetermined solution
—
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* *
j* GAMMA SPECTRUM ANALYSIS REPORT *
(Vs *

60636 363636 36 26 06 36 36 36 36 36 36 36 36 36 36 36 36 96 96 36 36 36 36 36 96 I 36 36 36 3 6 3 36 3 36 36 36 9 3 3 6 96 3 I I I3 e I I I I I I KT I
' SCIENTECH, INC., 2105 LUNA RD., CARROLLTON,TX
_Sample description: 1-274Z2

Spectrum file name: AARO04761

Pample identifier : AAO4761
aample size : 5.510E+02 g
easured by s KAS

2-Sep-1991 at 12: 3:38
2-Sep-1991 at 12: 3:38
2-Sep-1991 at 12: 3:38
2-Sep—1991 at 13:43:38

btart of irradiation

End of irradiation

Collect started on

Teollect ended on

)

Irradiation time
-~Decay time

Live time: 6.000E+02 s real time

O years 0 days O hours O minutes
0 years O days O hours O minutes
6.000E+03 s dead time: .00 %

_Shape calibration requested :  GEOM3
Shape calibration used :  DEFAULT
Created : 1-Jan- 1 O: 0: O
Modified : 1-Jan-— 1 O: O0: O
Energy calibration requested GEOM3
Energy rcalibration used GEOM3

- Created 26-Aug—-1991 16:34: 14
' Modified 26—-Aug-1991 16:40: 44
_Efficiency calibration requested GEOM2 o
Efficiency calibration used 5EOM3

Created 26—Aug—1991 16:43: 35
Modified 26—Aug—-1991 16:43:35
Last search discrimination level: 4.00
Last search FROM channel 10 TO channel 4086
Last fitting discrimination level: 4.00
Last fit FROM channel 1 TO channel 4036
Identificaticn energy tclerance : 1.00
Minimum intensity conv. factor : 1.00
Gamma reference library :  ..\LIBRARY\RADIUM.ILF
with 2 isotopes and 4 gamma lines.
MDA library name: ..\LIBRARY\RADIUM.ILF
MDA energy tolerance: 1.00 keV
. MDA decision limit 1-alpha: 35.00 %
MDA detecticocn limit 1-beta: 35.00 %
_ FPeaked backround file: NONE
“ Energy tcolerance for peaked backround subtracticon: 1.00 keV
Threshold factor for peak areas: 1.00



txxxuxx**®x R ADIONUCL IDE ANALYSTIS REPORT #exkkss

wmber nuclide conf.value - -—-——————- Activity ( pCi/sg) ——————————m———
measured decay saturation
corrected
1 RA-226 . 9999 2.626E+00 +- 12,20% 2.626E+00 0. 000E+00
2 AC-228 - 9868 3.916E-01 +- 10.00% 3.916E-01 0.000E+00
ro JE DA = -
' /4 Voou i 73, 01BE+00 3.018E+00 0.000E+00

i Flags: C = check; nuclide is a part of an underdetermined solution
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peak spectrum library spectrum energy full photopeak detection
# # energy energy diff. activity limit
keV keV keV pCi/g pCi/g
AC-228
1 10 338.40 338.55 -.13 3.974E-01 2.173E-01
2 15 911.07 911.26 -.19 3.743E-01 1.019E-01
3 16 968. 30 969. 06 -.16 4.197E-01 1.551E-01
1.019E-01
RA-226
1 6 + 186.00 186.02 -.02 2.626E+00 7.767E-01

| 7.767E-01
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£ GAMMA SPECTRUM ANALYSIS REPORT :
¥
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SCIENTECH, INC., 2105 LUNA RD., CARROLLTON, TX
3ample description: 1-2743
-gpectrum file name: AAOL762

Sample identifier : AAO04762
Sample size : S5.910E+02 g
Measured by : KAS

2-Sep-1991 at 15: 5:40
2-Sep—-1991 at 15: S:40
2-Sep-1991 at 15: S5:40
2-Sep-1991 at 16:45:40.

Start of irradiation
=nd of irradiation
Tollect started on
Collect ended on

O years 0O days O hours O minutes
0 years O days O hours O minutes
6.000E+03 s dead time: .00 %

-Irradiation time
Decay time )
-ive time: 6.000E+03 s real time

Shape calibration requested :  GEOM3
~-S%hape calibration used : DEFAULT
' Created : 1-Jan- 1 O: 0: O
Modified : 1-Jan—- 1 O: 0: O
Znergy calibration requested GEOM3
Znergy calibration used GEOM3

Created 26—-Aug-1991 16:34:14
- Modified 26—-Aug-1991 16:40:44
Efficiency calibration reguested : GEOM3
-Zfficiency calibration used :  GEOM3
Created : 26-Aug—-1991 16:43: 35
Modified : 26-Aug-1991 16:43: 35
-ast search discrimination level: 4.00
-ast search FROM channel 10 TO channel 4086
Last fitting discrimination level: 4.00
-.ast fit FROM channel 1 TO channel 4096
Identification energy tolerance : 1.00
Minimum intensity conv. factor : 1.00
samma reference library : . - \LIBRARY\RADIUM. ILF
vith 2 isotopes and’ 4 gamma lines.

MDA library name: ..\LIBRARY\RADIUM.ILF

1DA enerqy tolerance: 1.00 keV
1DA decision limit 1-alpha: 95.00 %
“MDA detection limit 1-beta: 35.00 %
"eaked backround file: NONE
soonerqy tolerance for peaked backround subtraction: 1.00 keV
Threshold factor for peak areas: 1.00

LI
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J

aumber nuclide conf.value = -—-—=~———-— Activity ( pCi/q -
measur ed decay saturation

corrected
1 RA-22¢& .3988 2.584E4+00 +- 12,.72% 2.984E+00 0.000E+00Q
. 2 AC-228 . 9845 4,494E-01 +~ B8B.77% 4.494E-01 0. 000E+00
j ) ’ 2. 033E+00 3. 023E+00 0. 000E+00

“Flags: T = check; nuclide is a part of an underdetermined solution
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" peak spectrum

#

library
energy
keV

338.40
911.07
968.90

186€.00

MDA

spectrum
energy
keV

338.59
911.21
969.11

185.91

REPORT

energy
diff.
keV

-.19
-.14
-.21

.09

full photopeak
activity
pCi/g

5.714E-01
2.528E-01
S5.693E-01

2.585E+00

36 36 36 36 3 I I 3 3 3 I 3 I I I 36 I I I I I 3 I W W %K

detection
limit
pCi/g

2.163E-01
9.546E~-02
1.771E-01

9. 546E-02

6.601E-01

6.601E-01
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* *
x GAMMA SPECTRUM ANALYSIS REPORT :
»

PRV SR S R TR TRV ST R 1S 28 L 2 S L S RS Sl bl
. SCIENTECH, INC., 2105 LUNA RD., CARROLLTON, TX

Bample description: 1-2744
Bpectrum file name: AAO04763

Sample identifier : AAO4763
"Bample size : 4.170E+02 g
Measured by : KAS
—Start of irradiation : 3-Sep—-1991 at 8: 4: 8
‘End of irradiation : 3-Sep—-1991 at 8: 4: 8
Tollect started on : 3-Sep—-1991 at 8: 4: 8
_Collect ended on : 3-Sep—1991 at 21:11:34
Arradiation time 0 years 0 days O hours O minutes

0 years 0 days O hours O minutes
4,.725E+04 g dead time: .01 %

Decay time .
“Live time: 4.724E+04 s real time

1

Shape calibration requested : GEOM2
-Shape calibration used : DEFAULT
Created : 1-Jan— 1 0: 0: O
Modified : 1-Jan- 1 0: 0: O
Enerqgy calibration requested :  GEOM2
Enerqgy calibration used : GEOM3
Created : 26-Aug-1991 16:34: 14
- Modified : 26-Aug-19331 16:40:44
Efficiency calibration requested : GEOM3
~Efficiency calibration used :  GEOM3
) Created : 26—-Aug-1991 16:43: 35
- Modified : 26-Aug-1931 16:43:35
Last search discrimination level: 4. 00
-Last search FROM channel 10 TO channel 4086
Last fitting discrimination level: 4.00
Last fit FROM channel 1 TO channel 40936
Identificaticon.energy toclerance : 1.00
Minimum intensity conv. factor : 1.00
Gamma reference library :  ..\LIBRARY\RADIUM. ILF
with 2 isotopes and 4 gamma lines.

MDA library name: ..\LIBRARY\RADIUM.ILF
MDA enerqy tolerance: 1.00 keV
-MDA decision limit 1—alpha: 95.00 %
MDA detection limit 1-beta: 33.00 %

_Feaked backround file: NONE
Enerqy taolerance for peaked backround subtraction: 1.00 keV
Threshold factor for peak areas: 1.00



*¥¥xxx¥%%x* R ADIONUCLTIDE ANALYSTIS REPORT *xxxsexx

number nuclide conf.value = —~———-——- Activity ¢ pCi/g) - -
- measur ed decay saturation
corrected
1 RA-226 . 9939 3.323E+00 +- 7.84% 3.323E+00 0.000E+00
2 AC-228 . 9888 7.426E-01 +-~ 4,24% 7.426E-01 0.000E+QO0
! ey P TEmEmm————— | e S
) — . 4.,065E+00 4. 065E+00 0. 000E+00
- Flags: © = check; nuclide is a part of an underdetermined solution

]

—_

P
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. peak spectrum library spectrum energy fuil photopeak detection
5 # # energy energy diff. activity limit
keV keV kev pCi/g pCi/g
" AC-228
1 2 338.40 338.60 —. 20 6.780E-01 1.087E-01
02 24 911.07 911.23 ~-.16 7.349E-01 3.368BE-02
i 3 3 968. 90 968. 98 -.08 8.S5S2E-01 4.165E-02
= . : 3. 36BE~02
|
" RA-226
- 1 12 ., 186.00 185.98 .02 3. 323E+00 3.575E-01
‘ 3.575E-01
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* . *
* GAMMA SPECTRUM ANALYSIS REPODRT *
*

*
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SCIENTECH, INC., 2105 LUNA RD., CARROLLTON, TX
3ample description: 1-2745
Spectrum file name: AA04764

Sample identifier : AAO04764
3ample size : 4.180E+02 g
Measured by : KAS

3-Sep-1991 at 8:10:
3~-Sep—-1991 at 8:10:
3-Sep—-1991 at 8:10:
3-Sep—-1991 at 9:50:

—3tart of irradiation
=nd of irradiation
Collect started on

-Lollect ended on

0000

0 years 0 days O hours O minutes
O years Q0 days O hours O minutes
6.000E+03 s dead time: .00 %

Irradiation time
_Decay time
-ive time: 6.000E+03 s real time

ss as we

Shape calibration requested :  GEOM3
—Shape calibration used : DEFAULT
Created : 1-Jan- 1 O: 0: O
Modified : 1-Jan- 1 0: 0: O
Inergy calibration requested GEOM3
Znergy calibration used ZEOM3

. Created 26—-Aug—-1991 16:24: 14
Modi fied 26—-Aug-1991 16:40:44
Efficiency calibration requested : GEOM3
"Zfficiency calibration used :  GEOM3
Created : 26-Aug-—-1991 16:43: 35
Modified : 26—-Aug-1931 16:43: 35
-ast search discrimination level: 4.00
~ast search FROM :channel 10 TO channel 4086
Last fitting discriminaticon level: 4.00
-ast fit FROM channel 1 TO channel 4096
Identification energy tclerance : 1.00
- Minimum intensity conv. factor : 1.00
jamma reference library :  ..\LIBRARY\RADIUM. ILF
~ith 2 isotopes and 4 gamma lines.

MDA library name: . . \LIBRARY\RADIUM. ILF
MDA energy tolerance: 1.00 keV
MDA decision limit 1-alpha: 35.00 %
MDA detection limit 1-beta: 9S5. 00 %

Peaked backround file: NONE
Znerqgy tolerance for peaked backround subtraction: 1.00 keV

Threshold factaor for peak areas: 1.00



EREREREXE R A DI ONUCL I DE ANALYSIS REP ORT *%kkexx
wwmber nuclide conf.value ~ ———————- Activity pCi/q?
measured decay saturation
) ’ corrected
1 RA-226 . 3988 3.686E+00 +- 12.947% 2.686E+00 0.000E+00
— 2 AC-228 -9919 8.801E-01 +- 7.34% 8.801E-01 0.000E+00
i 4.3566E+00 4.566E+00 0.000E+00
- Flags: C = check; nuclide is a part of an underdetermined solution

rm
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detection

" peak spectrum library spectrum energy full photopeak
# # energy energy diff, activity limit
- keV keV keV pCi/g pCi/qg
AZ-228
= 1 11 338.40 338.57 -.17 8.709E-01 2.997E-01
i g 18 2911.07 911.22 -.195 8.466E-01 1.109E-01
3 19 968. 30 968.93 -.03 9.632E-01 1.865E-01
ﬂ' ——————————
; 1. 109E-01
RA-226
-1 6 186.00 186.09 -.09 3.685E+00 1.060E+00
1. 060E+00

e
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* *
B GAMMA SPECTRUM ANALYSTIS REPORT *
% *

BT I I IE I 2T I I I T I 06666606066 369606 3 3T I 396 960 969606666
. SCIENTECH, INC., 2105 LUNA RD., CARROLLTON,TX

Sample description: 1-2746

Spectrum file name: AAO04765

_Sample identifier : ARO4763
pample size : 4,230E+02 g
Measured by : KAS

3-Sep—-1991 at 12: 8:
3-Sep-1991 at 12: 8:
3-Sep—-1991 at 12: 8:
3-Sep-1991 at 13:48:

“Btart of irradiation
nd of irradiation

Collect started on

—Lollect ended on

loNoNoNe]

O years 0 days O hours O minutes
0 years 0 days O hours O minutes

Irradiation time
_Decay time

-ive time: 6,000E+03 s real time 6.000E+03 s dead time: .00 %
Shape calibration requested : GEOM3
“3hape calibration used : DEFAULT
Created : 1-Jan- 1 0: 0: O
Modified : 1-Jan- 1 0: 0: O
Znergy calibration requested : GEOM3
Energy calibration used :  3EOM3
— Created : 26-Aug-1991 16:34: 14
Modified : 26—-Aug-1391 16:40:44
Efficiency calibration requested : GEOMS
"Zfficiency calibration used : GEOM3
i Created : 26-Aug—-1991 16:43: 35
Modified : 26-Aug-1991 16:43:33
—ast search discrimination level: 4.00
Last search FROM channel 10 TO channel 4086
Last fitting discrimination level: 4.00
-ast fit FROM channel 1 TO channel 4036
Identification energy tolerance : 1.00
Minimum intensity conv. factor : 1.00
Samma reference library : ..\LIBRRARY\RADIUM, ILF
vith 2 isotopes and 4 gamma lines.

MDA library name: ..\LIBRARY\RADIUM.ILF
1DA energy tolerance: 1.00 keV
MDA decisicn limit 1i-alpha: 35.00 %

* MDA detection limit 1-beta: 35.00 %

~feaked backround file: NONE
L Znergy tcolerance for peaked backround subtraction: 1.00 keV

Threshold factor for peak areas: 1.00
i
H

L.
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Mumber nuclide conf.value  ———-———- Activity ( pCi/g) =————————————m
measured decay saturation
= corrected
1 RA-226 . 9983 2.177E+00 +- 15,53% 2.177E+00 0. 000E+00
- 2 AC-228 . 9875 6.088E-01 +-~ 8.45% 6.088E-01 0. 000E+00Q
ettt
T L 2. 786E+00 2.786E+00 0. 000E+00
T Flags: C = check; nuclide is a part of an underdetermined solution
-
.
'S
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" peak spectrum library spectrum energy full photopeak detection
# # energy enerqy diff. activity limit
keV keV keV pCi/g pCi/a
T AC-228
o1 9 328.40 338.53 -.13 S.710E-01 2.70SE-01
2 17 311.07 911.32 -.25 S.703E-01 1.,087E-01
<« 3 18 968. 90 968. 94 -.04 7.419E-01 2.014E-01
K : 1.087E-01
" RA-226
~ 1 6 . 186.00 185.92 .08 2.178E+00 9.446E-~-01

s e e o G . o St S

g 9. 446E~-01
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****************************************************************************f:
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* GAMMA SPECTRUM ANALYSTITIS REPORT

N
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SCIENTECH, INZ., 2105 LUNA RD., CARROLLTON,TX
Sample description: 1-2747
Spectrum file name: AAN4766

*
*

Sample identifier : AAO4766
Sample size : 4.930E+02 g
Measured by :  KAS

4-Sep-1991 at 8:13:36
4-Sep—-1991 at 8:13:36
4-Sep—-1991 at 8:13:36
4-Sep-1991 at 9:53: 36

"Start of irradiation
znd of irradiation
Collect started on
“allect ended on

0 years 0 days O hours O minutes
0 years 0 days O hours O minutes
6.000E+03 s dead time: .00 %

Trradiation time
~Lecay time
~-ive time: 6.000E+0Q03 s real time

Shape calibration requested : GEOM3

“Shape calibration used : DEFAULT
Created : 1-Jan- 1 O: O0: O
Modified : 1-Jan- 1 0: 0: O

Tnergy calibration requested : GEOM3

Energy calibration used : GEOM3
Created : 26-Aug-1991 16:34: 14
Modified @ 26-Aug-1991 16:40:44

Efficiency calibration requested : GEOM3

“Zfficiency calibration used : GEOM3
Created : 26-Aug-1991 16:43: 35
Modified @ 26-Aug-13931 16:43: 2

Last search discrimination level: 4.00

Last search FROM channel 10 TO channel 3086

Last fitting discrimination level: 4.00

—ast fit FROM channel 1 TO channel 4036

Identification energy tclerance : 1.00

rinimum intensity conv. factor : 1.00

Jamma reference library :  ..\LIBRARY\RADIUM. ILF

~ith 2 i1sotopes and 4 gamma lines. ’

MDA library name: .- \LIBRAFRY\RADIUM. ILF
MDA enerqy tolerance: 1.00 keV
MDA decision limit 1-alpha: 395.00 %
MDA detecticn limit 1-~beta: 95.00 Y

Feaked backround file: NONE
-~ Energy twolerance for peaked backround subtraction: 1.00 keV

Threshaold factor for peak areas: 1.00

&

3
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number nuclide conf.value  ———————= Activity ( pCi/qg) —~

- measured decay saturation
corrected

; 1 RA-226 . 9938 2.36%E+00 +- 13.07% 2.369E+00 0. 000E+00

? ‘ T;?;;SEISO 2.369E+00  0.000E+00

‘Flags: C = check; nuclide is a part of an underdetermined soclution

i

™
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" peak spectrum

# #

1S
15

library
energy
keV

338.40
911.07
968.90

186.00

MDA

spectrum
energy
keV

338.71
1120.65
1120.65

185.96

REPORT

energy
diff.
keV

-.31
-209.58
-151.75

. 04

***‘*************************

full photopeak

activity
pCi/g

2.850E-01
0. 000E+0Q0
0. 000E+00

2.369E+00

detection
limit
pCi/g

2.347E-01
2.047E-01
3.199E-01

2.047E-01

7.517E-01

7.517E~01
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* G AMMA SPECTRUM ANALYSIS REPORT *
& *
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"SCIENTECH, INC., 2105 LUNA RD., CARROLLTON,TX

ﬁample description: 1-2748

‘Spectrum file name: AAO4767u

$ample identifier : AAO04767
Sample size : 4.180E+02 g
‘Measured by : KAS

4-Sep-1931 at 10:52:
4-Sep—1991 at 10:52:
4-Sep—-1991 at 10:52:
4-Sep—1991 at 12:32:

3tart of irradiation
ind of irradiation
Collect started on
<ollect ended on

DO oD

O years 0 days O hours O minutes
0 years 0 days O hours O minutes

irradiation time
-Pecay time

.ive time: 6.000E+03 s real time 6.000E+03 s dead time: .00 %
Shape calibration requested :  GEOM3
“Shape calibration used : DEFAULT
Created : 1-Jan-— 1 0O: 0: O
Modified : 1-Jan- 1 0: 0: O
Inergy calibration requested GEOM3
cnerqy calibration used GEOM3

Created 26—~Aug-1991 16:34: 14
Modi fied 26—-Aug—-1331 16:40:44
Efficiency calibration requested : GEOM3
"Ifficiency calibration used : GEOM3
- Created : 26-Aug-1991 16:43: 35
Modified : 26-Aug-1331 16:43: 25
.ast search discrimination level: 4.00
_ast search FROM channel 10 TO channel 4086
lLast fitting discrimination level: 5.00
.ast fit FROM channel 1 TO channel 40396
identification enerqgy tolerance : 1.00
"Minimum intensity conv. factor : 1.00
jamma reference library : . - \LIBRARY\RADIUM. ILF
Jsith 2 isotopes and 4 gamma lines.

MDA library name: ..\LIBRARY\RADIUM.ILF

iDA energy tcolerance: 1.00 keV
;'MDA decision limit 1-alpha: 95.00 %
‘MDA detection limit 1-beta: 95.00 %

. Peaked backround file: NONE
i Enerqgy tolerance for peaked backround subtraction: 1.00 keV

rhreshold factor for peak areas: 1.00

i

L-
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umber nuclide conf.value = ———————— Activity ( pCi/g)
- measur ed decay saturation
corrected
1 RA-226 1.0000 3.225E+00 +- 12.97% 3.225E+00 0. 000E+00
- 2 AC-228 . 9762 9.590E-01 +- 7.06% 9.590E~-01 0.000E+00
4. 184E+00 4. 184E+00 0.000E+00

Flags: C = check; nuclide is a part of an underdetermined solution
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detection

zpeak spectrum library spectrum energy full photopeak
- # # energy enerqgy diff. activity limit
keV keV keV pCi/g pCi/g
ii
I
AC-228
3 1 10 338.40 338.54 -.14 9.312E-01 3.073E-01
i 2 16 911.07 911.27 ~.20 8.893E-01 1.104E-01
3 17 968.90 969. 20 -.30 1.166E+00 2.634E-01
i 1. 104E~01
RA=-226
1 S 186. 00 185.99 .01 3. 223E+00 1.033E+00
J‘ __________
1. 033E+00

-
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- SCIENTECH, INC., 2105 LUNA RD.,

CARROLLTON, TX

Sample description: 1-2749
Spectrum file name: AARO4768
Sample identifier : AAO04768
Sample size : 4.270E+02 g
Measured by : KAS
3tart of irradiation : 4-Sep-1991 at 13:16: O
Znd of irradiation H 4-Sep—-1991 at 13:16: O
Collect started on : 4-Sep~-1991 at 13:16: O
—<ollect ended on H 4-Sep-1991 at 14:56: O
irradiation time : 0 years 0 days O hours O minutes
,?ecay time : 0 years 0 days O hours O minutes
rive times 6.000E+02 s real time: 6.000E+03 s dead time: .00 %
<
Shape calibration requested :  GEOM3
“Shape calibration used : DEFAULT
. Created : 1-Jan- 1 O0: 0: O
Modified : 1-Jan- 1 0: 0: O
inergy calibration requested : GEOM3
Energy calibration used : GEOM3
Created : 26—-Aug-1991 16:34: 14
Modified : 26-Aug—-1991 16:40:44
Efficiency calibration requested : GEOM3
fficienzy calibration used : GEOM3
- Created : 26—-Aug-1991 16:43:35
Modified : 26-Aug-1991 16:43:35
.ast search discrimination level: 4.00
-ast search FROM c-hannel 10 TO channel 4086
l.,ast fitting discrimination level: 5.00
.ast fit FROM channel 1 TO channel 4036
identification energy tclerance : 1.00
Minimum intensity conv. factor : 1.00
iamma reference library :  ..\LIBRARY\RADIUM.ILF
Jith 2 iscotopes and 4 gamma lines.
DA library name: ..\LIBRARY\RADIUM.ILF
1DA enerqy tolerance: 1.00 keV
~ MDA decision limit 1-alpha: 95.00 %
“MDA detection limit 1-beta: 35.00 %
. "eaked backround file: NONE
i fnerqy tolerance for peaked backround subtraction: 1.00 keV

‘hreshold factor for peak areas:

ru---

1.00
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RADIONURC

wumber nuclide conf.value  -—-—————-—- Activity

measur ed

1 RA-226 . 9957 4.220E+00 +- 12.37%
- 2 AC-228 « 9643 9.1886-01 +- 7.34%
Co 7’ - 5. 139E+00
" Flags: C = check; nuclide

ANALYSIS

R E P OR T #%¥xx*k

( pCi/g>
decay saturation
corrected
4.,220E+00 0.000E+00
9.188E-01 0.000E+00
S. 139E+00 0.000E+00

is a part of an underdetermined solution
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peak spectrum library spectrum energy full photopeak detection
- # # enerqay energy diff. activity limit
keV keV keV pCi/g pCi/g
AC~228
1 11 338.40 3328.56 ~.16 7.095E-01 3. 144E-01
2 17 911.07 911.28 ~.21 9.801E-01 1.008E~01
3 18 968. 90 969. 29 ~.39 1.064E+00 2.341E-01
1.00BE-01
RA-226
To1 6 "+ 186.00 186.16 -.16 4.218E+00 8.870E-01
8. 870E-01
-
L

ra-—



~€nerqgy tolerance for peaked backround
areas:

- cromen

]
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T SCIENTECH, INC.,
Sample description:
Spectrum file name:
BSample identifier
3ample size
Measured by

Start of irradiation
znd of irradiation
Collect started on
"Zollect ended on

Irradiation time
~Pecay time
rive time: 6.000E+032
.Shape calibration req
Shape calibration use

tnergy calibration re
Znergy calibration us

_Efficiency calibration requested

ifficiency calibratio

-ast search

—_ast search FROM
‘_ast

-ast fit FROM

2105 LUNA RD.,

1-2750
AAD4769
AAO04769

3.940E+02 q

KAS

s real

uested
d

Created
Modi fied

quested
ed

Created
Modi fied

n used

Created
Modified

channel

channel

time

discrimination level:

CARROLLTON, TX

4-Sep-1991
4-Sep—1991
4-Sep—-1391
4-Sep-1991

0O years
0 years
6.000E+03 s

GEOM3

DEFAULT
1-Jan- 1
1-Jan- 1

GEOM3
GEOM3
26-Aug-1991
26—-Aug-1991

GEOM3
GEOM32
26—-Aug-1991
26—-Aug—-1991

4.00

10 TO channel

fitting discrimination level:

Identification energy tolerance

Minimum intensity con

3amma reference library

Jith 2 isotopes a

1DA library name:
1DA energy tolerance:
MDA decision limit 1-
MDA detection limit 1

*eaked backround file

Threshold factor for

nd

alpbha:
-beta:

: NONE

peak

v. factor :

1.00
95.00
35.00

S.00

1 TO channel
1.00
1.00

at
at
at
at

15:22:48
15:22:48
15:22:48
2:48

17:

0 days
O days

16:34:14
16:40:44

16:43:35
16:43:35

4086

1036

. - \LIBRARY\RADIUM. ILF
4 gamma lines.

.- \LIBRARY\RADIUM. ILF

keV
YA
YA

1.00

subtraction:

1.00 keV

O hours
O hours
dead time:

0O minutes
0O minutes



-
}********* RADIONUCLTIDE ANALYSTIS REPORT #¥NkkNNN

}umber nuclide conf.value = ——————— Activity ( pCi/sgd
s
measur ed decay saturation

7 corrected
o

1 RA-226 . 9996 3.415E+00 +- 14,09% 3.415E+00 0.000E+00
- 2 AC-228 . 9888 1.122E+00 +- 6.71% 1.122E+00 0.000E+00
Y _
~ TEO " 4.537E+00 4.537E+00 0. 000E+00

‘jFlags: € = check; nuclide is a part of an underdetermined solution

{ T

i..1
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peak spectrum library spectrum
-~  # # energy enerqy
keV keV
T AC-228
1 11 338.40 328. 56
L2 18 911.07 211.21
- 3 19 968. 90 969. 05
RA-226
1 S * 186.00 185.95

——

REPORT

energy
diff.
keV

-.16
~a 14
-.15

.05

I 36 36 3 36 36 I I I I I I I I I I I I I I X

full photopeak

activity
pCi/g

1.057E+00
1.251E+00
1.003E+00

3. 416E+00

detection
limit
pCi/ag

3.132E-01
1.070E-01
1.201E-01

1.070E-01

1.086E+00

1.0B86E+00
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* GAMMA SPECTRUM ANALYSIS REPORT *
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SCIENTECH, INC., 2105 LUNA RD., CARROLLTON, TX

Sample description: 1-2751

Spectrum file name: AA04770

Sample identifier : AA04770
Sample size H 4.320E+02 g
‘Measured by : KAS
Start of irradiation : 4-Sep—1991 at 17:48:12
Znd of irradiation : 4-Sep~1991 at 17:48:12
Collect started on : 4-Sep—1991 at 17:48:12
Zollect ended orr : 4-Sep—-1991 at 19:28:12
Irradiation time .k 0 years 0 days O hours O minutes
-Decay time : 0 years O days O hours O minutes
-ive time: 6.000E+03 s real time: 6.000E+03 s dead time: .00 %
_Shape calibration requested : GEOM3
Shape calibration used ¢ DEFAULT
Created : 1-Jan- 1 0: 0: O
Modified : 1-Jan- 1 0: 0: O
Znergy calibration requested : GEOM3
Energy calibration used : GEOM3
-~ Created : 26-Aug-1991 16:34:14
Modified : 26-Aug—-1991 16:40:44
_Efficiency calibration requested : GEOM3
Sfficiency calibration used : GEOM3
Created : 26-Aug-1991 16:43:35
Modified : 26-Aug-1991 16:43: 35
—ast search discrimination level: 4.00
cast search FROM channel 10 TO channel 4086
tast fitting discrimination level: 5.00
—,ast fit FROM channel 1 TO channel 4036
Identification energy tolerance : 1.00
" Minimum intensity conv. factor : 1.00
3amma reference library :  ..\LIBRARY\RADIUM. ILF
~vith 2 isotopes and 4 gamma lines.

MDA library name: ..\LIBRARY\RADIUM.ILF

MDA energy tulerance: 1.00 keV
5. MDA decision limit 1-alpha: 95.00 %
MDA detection limit 1-beta: 95.00 %
Peaked backround file: NONE
“Energy tolerance for peaked backround subtraction: 1.00 keV
Threshold factor for peak areas: 1,00
%
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umber nuclide conf.value  -———————-— Activity ( pCi/’/gd
measur ed decay saturation
corrected
1 RA-226 . 9999 3.301E+00 +~ 12.63% 3.301E+00 0.000E+00
2 AC-228 . 9921 B8.892E~-01 +— 7.43% 8.892E-01 0.000E+00
PR . 4. 190E+00 4.190E+00  0.000E+00

Flags: C = check; nuclide is a part of an underdetermined solution
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MDA

peak spectrum library spectrum

# # eneray eneragy
keV keV
AC—-228
- 1 11 338.40 338. 48
2 17 911.07 911.21
3 18 968.90 969.06
RA-226
- 1 6 * 186.00 185.98

REPORT

energy
diff.
keV

—-08
-.14
-. 16

.02

full photopeak
activity
pCi/g

7.946E-01
1.0S6E+00
7 .349E-01

"3.301E+00" -

W3 W I I I H H I N W W W N W I IR

detection
limit
pCi/g

3.088E-01
1.02